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STATIC MICROMIXER 

This is a Continuation-In-Part application of interna- 
tional application PCT/EP00/05546 filed 06/16/00 and claiming 
the priority of German application 199 28 123.8 filed 06/19/99. 

BACKGROUND OF THE INVENTION 
The invention relates to a static micromixer with a mixing 
chamber and a guide component which is arranged upstream of the 
mixing chamber for the separate admission to the mixing chamber 
of the fluids to be mixed or to be dispersed and through which 
slot-like channels extend at an angle with respect to the lon- 
gitudinal axis of the micromixer. 

DE 44 16 343 C2 discloses a micromixer including at least 
one mixing chamber and a guide component arranged upstream of 
the mixing chamber for the separate admission to a mixing cham- 
ber of fluids to be mixed, wherein the guide component has di- 
mensions in the millimeter range and is composed of several su- 
perimposed foils of which each has a thickness of about 100 \m 
and which include microstructure-channels . The straight supply 
channels have a uniform cross-section and extend at an angle to 
the longitudinal axis of the micromixer wherein the channels of 
adjacent foils cross one another without communicating and ex- 
tend to a common mixing chamber. The channels have a width, 
which is less than 250 \xra and a height of about 70 |nm. The 
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thickness of the web between the channels is about 15 juntu The 
individual foils may be joined for example by diffusion welding 
to form a homogeneous vacuum tight and pressure tight micro- 
structure body. A cover plate is disposed on the first and, 
5 respectively, the last foil. 

A similar micromixer, which has curved parallel supply 
channels leading to the mixing chamber for two fluids to be 
mixed or dispersed but otherwise is of the same design and op- 

10 erating principle, is described in DE 195 40 292 CI. With this 
arrangement, a rapid mixing in the mixing chamber, which is 
also uniform over the whole flow cross-section, is to be 
achieved. The guide channels have a uniform cross-section with 
widths of less than 250 \m; the foils into which the channel 

15 structures are formed, have a thickness of about 100 |jia. 



i|| Another possibility to optimize the mixing process is dis- 

; \ closed in WO 97/17130. By a combination of individual channels 

fU to form a slot-like channel per foil, the micromixer achieves, 

fj 20 by the elimination of the webs between the individual channels, 
C3 a more advantageous ratio of volume flow to channel wall sur- 

face area and, consequently, a reduction of the friction losses 
in guide component. 

25 It is the object of the present invention to provide, on 

the basis of the last mentioned state of the art, a guide com- 
ponent for the admission of the fluids to be mixed to the mix- 
ing chamber of a static mixer of the type as described, whereby 
the pressure losses of the fluids in the guide component be- 

30 tween the inlet and the common outlet side are further reduced. 
At the same time, an at least equal or possibly improved mixing 
quality (effectiveness of the mixing process) should be 
achieved. 



2 



SUMMARY OF THE INVENTION 
In a static micromixer which comprises at least one mixing 
chamber and one guide component disposed upstream of the mixing 
5 chamber and which includes channels extending therethrough at 
an angle to the longitudinal axis of the micromixer, so that 
the channels of alternate layers intersect without communicat- 
ing with each other, the cross-section of the channels de- 
creases steadily from the entrance end to the exit end of the 
10 guide component so as to reduce the pressure losses of the 
fluid flowing through the channels for mixing in the mixing 
chamber . 

y The individual admission channels extend from the at least 

rf 15 two fluid supply chambers at an angle to the longitudinal axis 
ffl of the micromixer. Channels of adjacent layers which contain 

^ fluids from different supply chambers, intersect without coitimu- 

ill nication and lead to the mixing chamber by way of a common 

L cross-sectional discharge area. The openings of the slot-like 

W 20 channels are disposed on top of one another in an aligned fash- 
f! ion. With the introduction of a second mixing stage in the 

O mixing chamber in the form of a structure which divides the 

flow (for example, a grid), the turbulence in the mixing cham- 
ber and the mixing effect are increased. 
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With an increased channel flow cross-section at the en- 
trance end of the channels, the flow speed of the fluid flowing 
therein is relatively low with an equal volume flow. With the 
greater channel cross-section and the lower flow speed, the 
friction lost in the fluids between the entrance and the exit 
area of the guide component is reduced. Also, with the locally 
wider channels, the chances of the channels becoming clogged 
are reduced. 
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An embodiment of the micromixer according to the invention 
as well as a method of manufacturing the same will be described 
below on the basis of the accompanying drawings: 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows the guide component of the micromixer in a 

perspective view and greatly enlarged to show the principle, 

Fig. 2 is a schematic top view of the guide component 

showing the channel inlet side (Fig. 2a) and the channel outlet 

side (Fig. 2b), 

Fig. 3 shows three examples for three different embodi- 
ments of a channel exit side which is provided with guide webs 
oriented in flow direction, 

Fig. 4 shows the micromixer with the guide component, the 
mixing chamber and the inlet and outlet components. Addition- 
ally, a grid is arranged in the fluid flow downstream of the 
channel exit side, 

Fig. 5 shows a particular method of manufacturing the 
guide component, 

Fig. 6 shows in a diagram the product selectivity X(Q)[-] 
of the product Q of the test reaction used for the determina- 
tion of the mixing efficiency of the micromixer in comparison 
with a prior art micromixer design plotted over the average to- 
tal energy density E[J/m 3 ]. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
In accordance with Figs. 1 to 4, the guide component con- 
sists of metal, plastic or ceramics. The flow direction of the 
individual fluid flows a and b is from the channel inlet sides 
2a and 2b to the channel outlet side 3a and 3b, which open into 



a common mixing chamber 4 and form the common fluid flow C. 
The channels 5a and 5b have, at the exit end of the embodiment, 
which was used for generating the data for the measurement 
curve represented in Fig. 6, a height of about 150 \jm with a 
5 slot width of 9mm. At the entrance side, the channels have a 
height of about 1.5 mm and a slot width of about 11 mm. The 
wall thickness between two channels is at the exit side about 
150 jam. 



10 For accurate guidance of the flow of the fluids a and b at 

the channel exit sides 3a and 3b, the channels may be provided 
with webs 6, which are oriented in the flow direction of the 
H fluids (arrow a and b) . Fig. 3 shows three different arrange- 

ments for these guide webs at the channel exit side. Further- 
15 more, as shown in connection with the complete micromixer ar- 
rangement represented in Fig. 4, the mixing chamber 4 may in- 
clude a structure dividing the flow for example in the form of 
a grid 13. 



12 20 If the guide component consists of metal or an electri- 

W cally conductive ceramic material, guide component can be manu- 

factured, as shown in Fig. 5 by way of wire erosion with only 
one cut per fluid flow a and respectively, b. For this manu- 
facturing process, an electrically conductive and freely pivo- 
25 table clamping arrangement 7 is to be provided for the guide 
component 1. To this end, for each channel group 5a or, re- 
spectively, 5b of a fluid flow, a bore 8a or, respectively, 8b 
is to be provided as starting point for the wire erosion proc- 
ess. The wire 9 is inserted in such a bore. For later utili- 
30 zation, the bores 8a and 8b as well as the auxiliary cuts 10a 
and, respectively, 10b provided at the inlet and outlet sides 
must each be covered by a plate 11 and 12, respectively, 
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wherein the channel entrance areas 2a and 2b and the channel 
exit areas 3a and 3b remain uncovered. 



(1 



Si 's? 
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For a comparative judgement of the mixing efficiency of 
different micromixer types a testing procedure was used with an 
azo coupling reaction of 1- and 2-napthol (compound x or, re- 
spectively, x' } with 4-sulfonic acid benzene diazonium salt 
(compound y) . The reaction is a parallel reaction with the re- 
action scheme as represented below. 

x + y -> R 
x' + y -» Q 

The second product Q can be analyzed in a simple manner 
\* 15 with the aid of absorption spectra. The efficiency of the mix- 
fg ing process is judged by the selectivity X(Q) of the product Q: 

If the mixing of all the materials x, x f and y in a mixing 
chamber is immediate and complete a value of 0.1 is obtained 
for the selectivity X(Q) at the selected concentration ratios. 
20 The more product Q is formed at the expense of the product R 
the worse is the mixing efficiency. 

The selectivity X(Q) [-] of the product Q plotted over the 
average total-energy density E. 
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E = Api • (Va/Vges) + Ap 2 • (V 2 /V ges ) [J/m 3 ] 



(pi = the pressure loss of the passage i, V ± = the volume flow 
of the passage i, V ges = total volume flow) is plotted in Fig. 6 
30 for the micromixer according to claim 1 with and without down- 
stream grid 13 (set of points B or, respectively C) in compari- 
son with the micromixer of DE 44 46 343 C2. A micromixer with 
high efficiency has, at one hand, a low pressure loss, which is 
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a measure for the energy consumption or, respectively, the to- 
tal energy density in the mixing process, and, on the other 
hand, a low selectivity X(Q) of the product Q. It is clearly 
apparent that a certain selectivity X(Q) or, respectively, a 
certain mixing efficiency of the micromixer according to the 
invention is achieved already at a substantially lower total 
energy density E than with the prior art micromixer concept. 

The efficiency of the mixing process can further be in- 
creased if a grid 13 is provided downstream of the exit side of 
the guide component through which the fluid flows. This modi- 
fication is shown in Fig. 4 for the arrangement of the complete 
micromixer. The grid 13 installed therein has a mesh width of 
about 200 \im and is disposed in the mixing chamber 4 at a dis- 
tance of about 1000 jLtxn. from the channel exit sides 3a, 3b of 
the guide component 1. Furthermore, the supply lines 14a and 
14b, the fluid flows a and b as well as the outlet line 15 are 
shown in Fig. 4. 



